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NEW _SOVIET 20-KV_CATHODE-RAY OSCILLOSCOPE

A. M. Dubinin, Cand Tech Sci

V. I.'Levitov, Engr

VEI (All-Union Electrical Engineering Institute
imeni Lenin)

The successful development of cathode-ray oscilloscopes with hot cathodes
in the last 10 - 15 years hus made possivle extensive application of this meas-
uring instrument in vorious fields of power and radio engineering. The great
recording speeds of oscilloscopes with powerful cathode-ray tubes permits the

study of processes with a duration of the order of 10-8-10=9 seconds .,

The equipping of our scientitic research and plaent laboratories with
these instruments is contrivuting greetly to more rapid solution of many sci-
entit'ic and technicel probliems.

Cathode-Ray Oscilloscope Circuit

For cuthode-rzy oscilloscopes in'ended to record signals of very short
durationr, the nost ilmportant elemen!s in & circuit are the switching elements
which energize and synchronize different parts of the control circuit. ERefore
designlug the circuic, theretore, it is necessary to solve the principal prok-
lem -~ the type of switching elements which should be used. At present there
are two rain soluticns: (a) the use of spark reiaye and (b) the use of thyra-
trons.

The busle characteristics which determine the choice of & swWwitching cle-
ment nre pickup time and siability of operntion. By stability we mean that
the time of oneration remiins conslunt, irrespective of externgl conditions or,
within certain limits, of the cmpli~ude, form, and duration of +the control
pulses acting on the switeching element.
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the next few paragraphs discuss the relative instebility of spark relays,
due to changes in atmospheric temperature, pressure, and humidity as well as
. to overheating and recurrent contemination of the electrodes during operation.

Thyratrons are shown to have advantages in their relative stability and trouble- };
free operation./ g

The best available thyratron for the purpose is type TG~2050, filled with
inert gas. This thyratron will operate, when the cutoff bies is normal, if a
positive pulse with an amplitude of 25-30 v is applied to the grid. As shown
by our experiments, pulses with amplitudes of 200-250 v, i.e., & tenfold over-
voltage, can be used on the thyratron. This is very favorable fgr reducing
the firing time, which for a TG-2050 thyratron is not over 3:10~° seconds, and
is highly stable, thus permitting a high degree of accuracy in synchronizing
the different circuits in the oscilloscope. The accuracy of *his synchroniza-
tion is illustrated by the oscillogram in Figure 1 [Eee appended figure§7 in
which a single pulse of 0.15 secs durecion was taken on the same film. (These
and the following oscillograms were taken by thne oscilloscope described in
this article.)

The circuit controlling the cathode-ray oscilloscope is shown in Figure 2.
Its main components are: (1) the pulse-converting circuit, (2) the beam-block-
ing circuit, (3) the time-base circuit, (4) the power supply for the cathode-
ray tube, and {5) the calibration circuit.

The pulse-converting circuit ic switched in the control circuit so that
the oscilloscope may be started by an external pulse of any polarity.

The order of circuit operations s as follows: The external pulse acts
on the pulse-converting circuit, which actuates the bteam-blocking circuit and
the time-base circuit simultaneously. When these circuits cre in operation,
a cathode ray appears, and iis deflection in the time direction starts simul-
taneously.

Converter Circuit for External Puises

To secure definite synchronization of the beam-blocking and time-base cir-
cuits, the converter circuit must generate & pulse with 2 very steep front and
a definite duration which is independent of the form and duration of the exter-
nal pulse.

When a positive pulse is supplied by an external source, it serves to cut
off thyraton Lj still further and causes thyratron Lp to conduct. The capaci-
tor €y dischuarge: torough the resistor Rpg and & positive pulse with a steep
front is fed through capacitors C:), and Cyg into the circuit.

When & negative pulse is delivered, thyratron L; begins to conduct, be-
cause its cathods potertiul becomes negative with respect to the grid potential.
Capacitor Cp, dischurges tnrough resistor R30 and a positive pulse is5 delivered
to the grid of thyratrcen 1z, nilowing it to conduct. Thereafter, the process

continues as described above.

To meke it possible to record periodic oscillations and cero lines, push
button K was provided for starting the oscilloscope. When push button K is de-
pressed, capucitor C3 discharges through the winding of relay KP, clozing its
contact. Capacitor Cj) is charged throush the reley contacts wnd resistor Rog
from cupacitor 09 up to & positive potential which causes thyratron Ly to con-
duct, and the circuit coverates in the same manner as when o negative pulse is
fed in. P
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Beam-Blocking Circuit E
Te prevent burning the screen and exposing the photosensitive emulsion to &
light vefore the beginning and after the end of recording, the beam must appear 4&;
on the screen only while the oscillogram is being recorded. The beam is cut

off in a cathode-ray tube by means of a negative bias (with respect to the cath- N
ode) applied to the tube modulator. To initiate a beam, a positive pulse of

a definite form and duration must be fed into the modulator. The beam-blocking
circuit also functions to generate such pulses.

The pulse which initiates the beam should be as close to a square wave as
possible to ensure constant clarity of the record over the entire screen. An-
other important requirement is simplicity and accuracy of control over the
duration of the initiating pulse. The quelity of the oscillogram depends
largely on accuracy in controlling the pulse duration. In the course of design-
ing the cathode-ray cscillcscope circuit, we tried many types of beam-blocking
circuits. However, they did not satisfy either of the above requirements.
Therefore, we developed in the laboratory the unigue beam-blocking circuit
shown in Figure 2, which gave satisfactory results.

The synchronizing pulse is fed through dividing condenser Cup to the grid
of thyraton Lg and fires it. When the thyratron conducts, capacitor Cj) begins
to discharge through resistor Rsg; a very steep-fronted positive pulse; initiat-
ing the beam, is fed into the modulator through the small resistor Rs) and the
dividing condenser 037. The time constant of the front, determined as the prod-
uct Cak R:l, will be considerably less than the firing time of the thyratron
(Cak =4 ?ucfd). The pulse-namplitude decay is determined principally by the
values of resistor Rgs and capacitor Cy). The magnitude of R is selected so
as to waintain, witgin the 1limits of the full sweep, an approximately constant
pulse amplitude. Moreover, resistor R55 must ensure the flow through thyra-
tron Lg of & current sufficient to sustain & stable discharge in it. The func-
tion of thyratron Ls 1s to block the beam. Until the circuit has operated,
this thyratron is cut off by the negative bias fed to the grid through the high

resistance ng. The blas is kept sufficiently stavle by means of the small
capacitor Cz29.

When thyratron Ly, Tires, the capacitor C39 begins to charge through resie-
‘tance R5 and the divi@irg condenser C3ii. When the capacitor Caig is charged
to the vdltage value which allows thyratron Lg to conduct, the pulse is cut
off in the modulator and the beam 1s tlocked. Resistor R | serves to limit
the current across the thyratron when the wave is cut off.  Varying the magni-
tude of the resistor Rg), mokes it possible to control the cutoff time of the
pulse fed to the modulz2tor over & wide range. Resistor R 3 determines the

winimum length of the puise when Rg; is at & minimum. Thé operation of the
circuit is illustrated by the osci

iilogrems in Figure 2, a, b, and ¢, which
Show pulses of various duretions.

The Time-Base Circuit

The circuit which produces the time displacement is one of the most im-
portant components of the control circuit of a cathode-ray oscilloscope. In
selecting this circuit, the tollowing conditions were imposed: (1) uniformity
of beam mot.on on the screen (linear sweep); (2) symmetry of sweep-vcltage
variations o avoid distortion of the plcture and defocusing of the beam;

(3) limits for regulating the sweep duration of 0.1 to 100 u sec or more;
(4) nll tubes used In the circuit must be Soviet-produced.

Under these wonditions the circuitv selectad gave complete satisfacticon.

N
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The principle of the operation of this circuit is graphically illustrated
by the schematic diagram in Figure L4, in which the beam tetrode Ly is replaced
by the switch X and the variable resistance R. The capacitor C;, dividing ca-
pacitors Cp, and the deflecting-plate capacitance Cdp are charged from the volt-
‘age divider through resistor R3. The positions of the sliding contacts in the
divider are selected in such a manner that the plate potentials will be equal
to +U/2 on the right and -U/2 on the left, that is, symmetrically with respect
to the last plate of the cathode-ray tube (grcund). With such vr .entials, the
beam is deflected to the edge of the screen. The total voltage applied .o capa=-
citor C, equals 2U.

Resistors R, and R, ere sufficiently large to isolate the rapid sweep proc-
ess from the voltage divider and the other components of the circuit. Capaci-
tors C, are large enough so thut their charge cannot vary by any appreciable
amount during the sweep.

When switch K is closed, capacitor Cy discharges through the nonlinear.
resistor Ry, thus ensuriung the linearity of the sweep. During discharge, the
potentials of the capacitor plates approach their mean value (zero) with a
definite speed, which depends vn the capacitance value. The plate potentials
of capacitors C, follow these changes, and since their charge does not vary
during the sweep, the potentials of the time-base plates also follow these
variations. As a result, the plate potentials change their signs, that is,
the voltage is reversed, causing a deflection of the beam to the opposite edge
of the screen.

In the actual circuit (see Figure 2), the components K and R are replaced
ty the tube L), which ensures a practically linear variation in voltage when
the capacitor C, discharges. To keep the discharge from the sveep capacitor
constant, the volitage applied to the control grid of tube Ly, causing it to
conduct, must remain constant with respect to the varying potential of its
cathode during the sweep. Therefore, thyratron L3 is included in the circuit.
Through this thyretron (during firing), 3 positive potential is applied to the
control grid of Ly from the laige capacitor Cp_{, one of whose plates is con-
nected to the cathode.

The circuit is activated by feeding a synchrenizing pulse to the control
grid of the thyratron. The cholce of the type of pentode or beam tetrode in-
stalled is cxtremely important, since th. .ube must keep the discharge cur-
rent constant to obt2in an even swaep, and this current (saturation current)
must be sufficrent to provide rapid sweeps. Many tubes were tested in the
iahcratory, and opernting conditions were selected for euch tube to produce
the highest possivie saturntion currant of sufficient censtancy.

The oscillagram (see Figure &) =nows graphically the operation of several
tubes for the swesp scircuit {recording sinusoidal oscillations with a period
T = 0.3 psess £or various tubes in the circuit wnd for the same capacitance

value of the —zreouit). A& OPF beam tetrode, which is quite sensitive to small
changes in cupamzitance, was -hosen 1or the zircuit. This tube was selected
hecause of its widespread ure and ecese of replacewment, ’

To celrulete the walues of the capacitors Cop - Gy used for varying the
degree of cweep. It was ne serYy to rnow the value of the saturation current
of tube “P%. For this purncse, an o ilogram of voltage during operation
{see Figure <) was taken. This osc:llogrem-also illustrates the-linearity of
the swWeep.

At o given sotursiion surrent ( the discharge current of capacitors Co), -~

-C;.). the velue of tne capuritance for a given length of sweep t is deter-
mined as c it where L is tho saturation current; % is the duration of
' 5 S
T ——— ) -
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the sweep; and U is the voltage up to which the capacitance must be charged
before discharging (determined by the sweep plate sensitivity and screen

diameter). N
The oscillogram was made at two values, i.e., C=0.1 ufd and C=0.05 mfd.
It follows from this oscillogram that i =CU _0.1-500 _ 0.05-1,000 1.66 a
§ = T = =3
t 30 30

Taking the voltage U=3 kv, which corresponds to sweep of a 120-mm screen (the
useful part of a screen with a diameter of 130 mm), we obtain the values (in
the table below) for the capacitance C for different sweep durations.

t in msec 1,000 100 10 1 0.1
Cin g fa 055  0.055 0.0055  55.10-5 554106

The correctness of this method of calculating sweep stages is confirmed
by the oscillogram in Figure 7 recording sinusoidal oscillations with a period
T=7.8 f3ec when the values of the meiln sweep capacitance 1is 0.1, 0.05 and
0.035 @id. The length of the oscillogram on the s-reen was L0 mm. The time
of the oscillogram when C= 0.1 ufd was 60 tsec, when C=0.05, 30 usec, when
C =0.03, 20 usec corresponding to & 120-mm sweep in 180, 120 _/si£§ and
60 ysec.

For the given capacitance values, calculations give the same Sweep dura-
tions. As is clear from the table, for a sweep duration of 0.1 usec the value
of the mein capacitance must equal 55 uufd. It is evident that it is unnes-
sary to include an additional capacitor to obtain this capacitance, since the
internal capacitance of the circuit is ﬁaually of this order.

The cacacitance Cpe /Elate—to-cathode capacitam:e',7 of a €P3 equals 8.5wald.
Consequently, to obtain u‘-sweep of 0.1 ysec, wiring capacitance of the circuit
must be L€.5 uutd. Since the circuit wiring is quite complicated, a capacitance
of less than T0-80 #rfd usuelly can not be Successfully obtained, ard for
higher-speed SWeeps more powerful tukes {pentode oscillators) are employed.

In this Oscilloscope, nn eSpecially successful arrangement of the parts
m:de it possible to lower the wiring capacitance to 24.5 ppfd, obtaining thereby
a 3weep of 0.0F t«sec for the whole screen. With this duration, phenomena
lasting 0.01 ¢ 5ec over v W-mm sweern can be examined in detail.

Pover Supplv for the Cathode-Ray Tube

The circult includes o voliage divider and a rectifier with a high-voltage
transformer. The 2lectrodes of the cathode-ray tube are connected with ap
ohmiz voltage divider heving o total resistance of the order of 20 Mn(lMn
per kv voltage drop across tne divider). The capacitors C,y--C., are ronnected
between the various components of' vthe divider, thus causing thé electrode po-
tentials of the tule to remair more sta’ e,

A specisl sumeil trancformer #ith a maximum voltage of 30 kv was designed
to feed the tubes. This transformer voitage was selected to ailow for the volt-
age drop ir the rectifier and the possibility of boosting the voltage applied
to the cathode-ray tube. The oscilloscope is supplied from & 220-v lipe.
Interlincking was provided so that the voltage run be applied tc the power trans-
formers only aiter the filament transformers have been switched on.

The occillor:zope has n calibration cirzuit which can gen2rate sipusoidal
oscirllations with a periol ¢r 0.1 to 50 msec,

-5.
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Construction of the Catnode-Rey Oscilloscope

(The cathode-ray tube was designed and built at the All Union Electrical
Engineering Institute (VEI) by Senior Scientific Associate G. M. Topchiyev.)
An exterpal view of the oscilloscope is shown in Figure 8. The screen of the
horizontally-mounted cathode-ray tube is located at the upper ceuntral part of
the cabinet. The screen diameter is 130 mm. Knobs for beam control are placed
on the left and right of the front panel. Somewhat lower, sliding support is
provided for attaching a camers Furthermore, a special device is provided for
photographic recording. Attached to the cathode-ray tube screen, it is shaped
like a tube, is fitted with a camera for film & em in width, and has an £12 lens
built in.

Mounted on the lover, inclined panel are the switches for the filament and
power transformers, the rheostet for voltage regulation, and the other controls.

The oscilloscope is mounted on 2 base of steel tubing.

Each of the circultc discussed above is mounted as a separate unit in the
oscilloscope ctuinet und can be essily removed tc facilitate ussembly and re-
placement of perts Thic arrangement ulso ensures dependable shlelding of the
circuits. The units ure so arrenged with respect to one another that the cir-
cults can be counnected With short wires wherever necessary, for example, be-
tween the sweep circulit snd the time-deflection plutes, between the beam-block-
ing circuit end the tube modulstor, or detween the circuit to be studied and
the signal plutes of the cuthode-ray tube.

Reccrding Speed of the Cathode-Rauy Oscilloscope
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As we know, to compare the recording speeds of different oscillographs,
the recording speed must be corrected for an f£/2 lens. This corrected speed
is determined by the formula

Veor — ¥

(Zl.:]?)2

or Veop = 6.280.4 = 25,120 km/sec.

This oscillogram illustrates the power of the time-base circuit. One os-
cillation period T = Q.02 sec takes up & LO-mm section of the screen. Thus,
for the whole screen (120 mm) the sweep is equal to 0.06 msec.

The oscillogram in Figure 10 shows sinusoidal oscillations with & fre-
quency £= 100 Mc (T == 0.0l) and an amplitude A = 2.5 cm. The recording speed,
determined according to this oscillogram, amounts to:

v= 21.100.100.2.5.10~5 = 15,700 km/sec.

Correction for the normal f/1 lens gives:

Veor = 63,000 km/sec

DITAsec
a15 Msec

Q15 pesec

Figure 1
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Seen-Blocking Circuit for C-R Oscilloscope
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